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ABSTRACT 
The effect of tin on the mechanical and physical properties of 
gray cast iron was studied.  The materials selected for this project 
were low in tramp elements normally found in commercial gray irons to 
insure that the effects observed were due to the tin and not from an 
unwanted contaminant.  It was determined that small additions of tin 
were beneficial to the properties of gray cast iron.  Tensile 
strength, Brinell hardness, and fluidity all increased without the 
formation of massive and undesirable carbides.  Their maximum increase 
came at a tin content between 0.10 and 0.25 weight per cent upon which 
the matrix of the microstructure was completely pearlitic and contained 
no free ferrite as had been the case with the iron containing no tin. 
Upon further additions of tin, Brinell hardness continued to increase 
while tensile strength and fluidity decreased.  Tin distribution in 
the matrix was also examined and it was found that in the high tin 
iron (1.80 per cent) some segregation did occur in the type E graphite 
regions. 
INTRODUCTION 
Flake graphite cast iron, or gray iron, is the most widely used 
of all cast metals.  Its tonnage substantially exceeds that of all 
other cast metals combined.     Cast iron is an engineering material 
which has adequate mechanical properties at an attractive cost.  Good 
strengths especially in compression, combined with fatigue resistance, 
high damping capacity and good wear resistance have enabled the use 
of gray iron castings in manufacturing, transportational, chemical, 
power and mining industries. 
Remarkable developments have taken place in recent years in the 
metallurgy of cast iron, due principally to the increased use of small 
amounts of additives to the melt that control the structure and hence 
(2) the mechanical properties of the metal.     Examples are the use of 
nickel to control the structure of gray irons, and the use of cerium 
and magnesium additions to spheroidize the graphite phase in nodular 
irons.  Among other elements used as additives or inoculants in cast 
ironT either singly or in various combinations, are chromium, copper, 
molybdenum, vanadium, and calcium. 
One of the more recent developments has been the use of tin as 
an alloying addition to both flake and nodular graphite cast irons. 
For many years tin in cast iron has been generally believed to be a 
subversive element that may cause brittleness in gray irons and may 
adversely affect the graphite structure in nodular irons.  ' ' ' ' 
However, investigations have shown that controlled additions of tin 
added to the melt are not as detrimental to the mechanical and physical 
properties of the castings as was earlier believed.  These investiga- 
tions, however, left many uncertainties as to the exact effect of tin 
on some of the more significant properties of cast iron.  A reason for 
this uncertainty as to whether tin is a good or bad actor in gray iron 
is probably the dirty base iron used in most of these investigations. 
It was the objective of this present work, therefore, to determine 
what the effect of tin is on the Brinell hardness, tensile strength, 
microstructure, and fluidity of a "clean" gray iron.  The distribution 
of tin in the microstructure of the gray iron was also examined. 
BACKGROUND 
(3) As long ago as 1932, Spencer and Walding    included tin addi- 
tions in a study of the influence of eleven different metals and 
alloys on the properties of two gray cast irons.  This early work was 
mainly concerned with mechanical properties and the percentages of tin 
employed were relatively large (0.25 and 1.00 per cent).  Their re- 
sults showed increases in the Brinell hardness and modulus of elastic- 
ity while tensile and impact strengths were reduced.  The only struc- 
tural effect noted was a slight tendency for these large amounts of 
tin to increase the chilling effect. 
In 1948 the first indication that trace amounts of tin in cast 
iron could produce significant changes in micros trueture was obtained 
(4) by the Canadian Bureau of Mines in Ottawa.    They investigated the 
cause of the unusual properties of certain melts of cast iron in which 
difficulty was experienced in obtaining ferritic structures by the 
usual ferritizing heat treatments.  It was concluded that the in- 
creased stability of the pearlitic matrix present in these irons was 
due to the presence of tin in amounts on the order of 0.025 to 0.090 
per cent. 
Millis, Gagnebin, and Pilling in 1949, concerned with the 
manufacture of nodular cast iron, quoted seven elements which were 
considered to interfere with the production of spheroidal graphite 
structures. Among them tin was found to be particularly detrimental 
and it was recommended that tin content should not be permitted to 
exceed 0.05 per cent.  It was not until 1952 when Morrogh   estab- 
lished that this was false and that tin can be tolerated in apprecia- 
ble amounts (0.13 per cent) without adversely affecting the graphite 
formation.  He did so by beginning with an iron that was practically 
free of these minor alloying elements and then adding them individu- 
ally to the melt since it would more clearly demonstrate the influence 
of each element. 
Since the work of Morrogh sufficient literature has been pub- 
lished to indicate that tin is not a harmful element in cast iron. 
Early in 1956 a major program was initiated by the Tin Research 
Institute to determine what effect tin had on the properties and 
structure of gray cast iron.  The results of this program are included 
in the summary below. 
The extent of the present understanding can best be presented 
by listing the results of major investigations. 
Tensile Strength 
1. The tensile strength of a flake graphite cast iron increases 
with increasing tin content until the tin content reaches 
0.2 to 0.3 per cent.  Further additions of tin result in a 
reduction of the tensile strength.  ' 
2. The tensile strength of gray cast iron continuously decreases 
(13) 
as the tin content increases. 
3. The tensile strength of gray cast iron increases rapidly 
with increasing tin content until the structure becomes 
T*.-    A   „u ■ . ,   (12,15,16,18) pearlitic and then remains constant. 
Brinell Hardness 
1. Brinell hardness increases with the addition of tin to the 
_  . . (7,11,12,13) 
as-cast material. 
2. Brinell hardness progressively increases with increasing tin 
..  «.     ■  * ii     !•«-••    (8,17,18) content even in fully pearlitic iron. 
3. The increase in Brinell hardness is not affected by varia- 
. (9) tions in section size. 
4. Tin additions produce gray iron castings with higher and 
■e        u    A i    (10,16,24) 
more uniform hardness values. 
5. The hardness readings of the iron increase with tin content 
rapidly until the structure becomes pearlitic and then 
remains approximately constant. 
Impact Strength 
1. The addition of tin to gray cast iron lowers the impact 
/I n   -t   I    \ 
strength of the iron.   ' 
2. With the addition of up to 0.05 per cent tin the impact 
strength increases and then decreases with any further 
addition in large diameter bars (38.1 to 25.4 mm).   '  ' 
3. In small diameter bars (less than 25.4 mm) there is no 
change in impact strength with tin additions of up to 0.5 
«. (18,19) per cent. 
4. Tin additions cause embr ittlenient, but only in amounts 
which exceed the amount needed to obtain control of the 
(18) 
micros tructure. 
Transverse Strength 
1. The transverse strength of an automotive-type hypoeutectic 
iron (total carbon 3.26 per cent) is not affected by tin 
JJ. •     c n   c (I8) additions of up to 0.5 per cent. 
2. In a general-purpose hypereutectic iron (total carbon 3.65 
per cent) the transverse strength increases markedly up to 
a tin content of 0.1 to 0.2 per cent and then slowly 
•  •       j *  ,   (18) decreases when the tin content is increased further. 
Structure 
1. The addition of small quantities (0.10 per cent) of tin to 
gray cast iron suppresses ferrite and promotes pearlite 
without tending to cause the formation of massive cemen- 
tite(7,8,9,ll,12,18,20,22,23) 
2. Tin, added to the base iron, eliminates the ferrite skin at 
(10,21,22) the casting surface. 
3. Tin is a pearlite stabilizer at elevated temperatures. 
There is an increase in the time required for structural 
,_ (7,12,14,21) breakdown at these elevated temperatures. 
4. The amount of tin needed to produce a fully pearlitic matrix 
is dependent upon the amount of ferrite initially present 
u  •    (18) in the iron. 
Chilling 
1.  When it becomes necessary to produce pearlitic structures, 
tin is preferred over other alloying elements because it 
will not increase the chilling tendency of the iron.  ' '  ' 
18,24) 
2.  Tin has no influence on chill depth with small tin additions 
of up to 0.025 per cent, but for larger additions an in- 
(25) 
crease in chill depth is evident. 
Wear Resistance 
1.  The establishment of a completely pearlitic structure in 
gray iron provides the best surface for good wear resistance, 
but it would not be recommended to reduce the ferrite 
content by stimulating the production of massive cementite. 
Tin produces good wear resistance in the castings without 
A     ■ ■ ...  (12,15,18,19,21) producing any massive cementite. 
Growth and Scaling Resistance 
1.  The addition of tin reduces growth behavior and resistance 
i•   •  *i ,       •    (7,11,12) to scaling in flake gray iron. 
Graphite Flake Size 
1.  In the concentrations required to ensure a pearlitic struc- 
ture, tin has little or no effect on the shape and distribu- 
tion of the graphite.  As the tin content is increased 
further, however, there is a tendency for the size of the 
(7,9,22) 
graphite flakes in a flake iron to be reduced. 
Distribution of Tin 
113 1.  It has been shown by autoradiography using   Sn that when 
0.1 per cent tin is added to a flake cast iron there is a 
higher concentration of tin at the eutectic cell boundaries 
than in the centers of the eutectic cells, although tin 
remains completely in solid solution.  It is not possible 
to resolve the distribution of tin around the graphite 
flakes.(26) 
Fluidity 
1.  Although no fluidity tests have been run in the laboratory, 
foundry practice has shown that additions of tin improve 
the fluidity of gray iron. 
Porosity 
1. In castings where porosity is a problem it can be elimi- 
JJ. •    ^  •  (16,27) 
nated by the addition of tin. 
2. A reason for the reduction in porosity may be due to the 
tin causing a reduction in the eutectic cell size and this 
in turn altering the size and distribution of the porosi- 
ty.(16) 
Practical Considerations 
1. Tin melts at a low temperature, 505.05  K, so it melts 
instantly at molten iron temperatures. 
2. The liquid and solid solubility of tin in iron is high 
(Figure 1).(15') 
3. The vapor pressure of tin even at molten iron temperatures 
is low (2 to 3 millimeters of mercury at 1573.15 °K).  This 
means that virtually none of the tin is lost by volatili- 
(15,17) 
zation. 
4. Any other inoculation treatments to control chill or produce 
nodular iron are not interfered with by the presence of 
,.  (15) 
tin. 
5. Remelting tin bearing scrap will not produce detrimental tin 
ii A      (16> alloys or compounds. 
D 
From examination of this list it is quite apparent that at 
present, there exist many discrepancies in the results presented, 
particularly with tensile strength, impact strength, and chilling 
effects.  While it is clear that tin does play a major role in deter- 
mining the structure and properties of gray cast iron, it is not 
clear what effect tin alone plays since many other tramp elements 
were included in the base irons used in these investigations. 
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EXPERIMENTAL PROCEDURE 
Introduction 
In order to ascertain the effect of tin additions on gray cast 
iron it was necessary to begin with an iron that was relatively free 
from impurities.  In this project a clean iron was melted with high- 
purity ferrosilicon and electrolytic manganese to make a gray iron. 
This gray iron became the standard and in subsequent heats a pre- 
scribed quantity of tin was added. 
The cast iron specimens were given Brinell hardness and uniaxial 
room temperature tension tqsts.  Chemistry, optical microscopy, and 
tin distribution were investigated.  In a second set of heats of 
similar compositions, fluidity spirals were cast. 
Material 
The material used in this investigation was an F-l grade Sorell 
pig iron in the form of 5 kg bars crushed to 3 cm x down.  The iron 
was obtained from the Homer Research Laboratory of Bethlehem Steel 
Corporation and the composition is listed in Table 1. 
The 75 per cent high-purity ferrosilicon was obtained from Union 
Carbide's Ferroalloys Division and crushed to 1 cm x down.  The 
chemical analysis is given in Table 1. 
Chemical anslyses for the electrolytic manganese and tin shot 
can also be found in Table 1. 
Me11 ing 
Melting was carried out in a 30 KW high-frequency Ajax 
11 
Magnethermic induction furnace fitted with an alumina crucible.  The 
crucible was first charged with crushed ferrosilicon and then with 
iron to keep the ferrosilicon from oxidizing as melt-down proceeded 
(total charge did not exceed 3 kg).  The furnace temperature was 
measured with an optical pyrometer.  The charge was heated to 1773  K 
at which time the electrolytic manganese was added and stirred into 
the heat with a spectrographic carbon rod.  Once the charge had cooled 
to 1623 K tin was added and stirred into the heat. 
Casting 
The first set of heats (A through L) were poured at 1573 K 
into baked oil sand molds supplied by the Iron Foundry of Bethlehem 
Steel Corporation.  These were open face molds and the casting was 
allowed to cool to room temperature before removal from the mold. 
Heats AA through LL (fluidity spirals) were poured at 1593 K 
into green sand molds.  The sand, a No. 2-70 molding grade supplied 
by Jesse S. Morie and Son, Inc., was mixed with 5 per cent water and 
molded.  As before, the casting was allowed to cool before breakout. 
Mechanical Testing 
Mechanical test specimens were cut from the first set of cast- 
ings and surface layers were ground smooth.  A schematic diagram of 
the test specimens is found in Figure 2. 
Brinell Hardness 
Brinell hardness readings were performed at room temperature 
with a 3000 kg load and 10 mm diameter ball.  The indentations 
were measured and subsequently converted to Brinell hardness 
12 
numbers. 
Tensile Tests 
Tensile testing was performed at room temperature on 12.7 mm 
diameter specimens (ASTM Standard A48-64).  All tests were per- 
formed at a strain rate of 0.0212 mm/sec.  Tensile loads were 
then converted to values of engineering stress. 
Metallography and Surface Preparation 
To examine the micros truetural effects of tin in gray cast iron 
a section was cut from each tensile specimen and given a standard 
metallographic polish. 
The particular metallographic procedure employed required the 
mounting of specimens in Bakelite before polishing.  Initially, mounted 
samples were ground on an 80 grit wet belt sander to develop a flat 
surface.  Following the belt sander, the samples were then ground on 
240, 320, 400, and 600 grit papers.  To produce a final polish accept- 
able for examination at high magnifications, surface preparation was 
completed with 1 micron alumina and Linde A (0.3 micron alumina) 
followed by a quick buff on the Linde B (0.06 micron alumina) pol- 
ishing wheel.  Etching was performed by swabbing each polished 
specimen with 1 per cent nital for approximately 5 seconds.  Typically, 
the surface was lightly repolished with Linde B and re-etched.  This 
procedure was repeated until a satisfactory surface could be obtained. 
Chemistry 
The wet analysis was carried out by the Homer Research Laboratory 
of Bethlehem Steel Corporation (Table 2). 
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Fluidity 
The fluidity of the cast iron was determined by the length of 
the cast spiral in the green sand mold.  The mold is marked every 
50.8 mm along its 1524 mm length, and the fluidity readings are 
obtained by merely counting these division markers. 
Tin Distribution 
Qualitative microprobe analysis was employed to analyze the tin 
distribution in both a low tin (0.11 per cent tin) and a high tin 
(1.80 per cent tin) sample.  The samples were polished in the same 
manner as for metallographic examination, ultrasonically cleaned, and 
carbon coated.  Pure tin was used as the standard and background 
counts were made after each run. 
The regions examined included both type C and type E graphite 
structures in a pearlitic matrix.  In the type C regions analysis was 
begun in the pearlite matrix and traced across a graphite flake.  This 
method of analysis was not useful, however, for the type E regions 
because the graphite flakes were too fine.  Instead, the trace was 
made in the type E graphite region and continued into the adjoining 
pearlite cell. All distances were measured by a stepping motor. 
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RESULTS AND DISCUSSION 
Microstrueture 
Examination of the photomicrographs for heats H, I, D, and L 
show both type C and type E graphite structures in the irons.  This 
was due to the fast cooling rate that the open face molds experienced. 
Looking closely at Figure 3 it can be seen that the flakes are in a 
matrix of both ferrite (white regions) and pearlite (gray regions). 
In Figure 4 the amount of free ferrite decreased as the amount of 
tin was increased.  This iron, containing only 0.06 per cent tin, 
showed very small amounts of ferrite present in the matrix.  Upon the 
second addition of tin (0.11 per cent) the iron, seen in Figure 5, 
showed no free ferrite present in the matrix.  The addition of greater 
amounts of tin to the iron caused no other changes in the matrix. 
The graphite flakes did not appear to change in size or distribution 
with the addition of tin to the iron. 
Alloying additions, such as chromium or vanadium, are often 
made to gray irons to stabilize pearlite.  These additions have the 
undesirable feature that small excesses will cause massive iron 
carbides to appear in the microstructure.  In contrast, an excess of 
tin did not promote the formation of massive iron carbides.  This is 
evidenced by Figure 6 in which a tin addition 4 times that necessary 
to produce a fully pearlitic matrix did not result in massive iron 
carbides. 
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Tensile Strength 
An examination of Figure 7 and Table 3 illustrates the effect* 
of tin on the tensile strength of gray cast iron.  As can be seen the 
strength increased rapidly with small additions of tin until the tin 
content reached 0.25 per cent.  As more tin was added the tensile 
strength decreased, but at no point did the further addition of tin 
cause the tensile strength to decrease below the value of the gray 
iron containing no tin.  It is quite evident from these data that the 
addition of tin to gray cast iron is not detrimental to the tensile 
strength of the iron but can be beneficial if the tin content is 
properly controlled. 
It is interesting to note the correlation between maximum 
tensile strength and microstructure. As previously discussed the 
matrix of heat H contained both ferrite and pearlite.  However, as 
tin content increased the matrix became more pearlitic until 0.11 per 
cent tin was added.  At this percentage all free ferrite was elimi- 
nated and the matrix was fully pearlitic.  There was, however, no 
visible change in the microstructure to explain the subsequent 
decrease in tensile strength upon tin additions greater than 0.25 per 
cent.  One possible explanation for this decrease in tensile strength 
came from the results of the chemical analyses which showed the amount 
of free carbon continued to decrease as tin content increased (Table 
2). 
Brinell Hardness 
The effect of tin on the hardness of gray cast iron can be seen 
16 
in Figure 8 and Table 4.  As the tin content increased, the Brinell 
hardness of the iron increased.  This increase was at first very 
rapid up to 0.11 per cent tin, whereupon a fully pearlitic matrix 
existed.  The addition of more tin caused a more gradual increase in 
the hardness of the iron. 
This rapid increase in hardness exibited by the irons contain- 
ing small amounts of tin can be attributed to the elimination of free 
ferrite in the matrix.  However, unlike the tensile strength, the 
hardness continued to increase with tin content even though the 
matrix was fully pearlitic.  The gradual increase may again be due 
to the decrease in the amount of free carbon determined by chemical 
analysis. 
Fluidity 
The fluidity of the gray cast iron exibited a dramatic increase 
with a tin addition of 0.10 per cent.  Figure 9 and Table 5 show this 
sudden increase along with the sharp decrease in fluidity upon 
further additions of tin.  However, unlike the decrease found in 
tensile strength, the fluidity of the gray irons containing more 
than 0.47 per cent tin was much less than the fluidity for the iron 
containing no tin. 
Tin Distribution 
Results of the qualitative microprobe analysis proved inconclu- 
sive for the sample containing 0.11 per cent tin.  No difference in 
the number of counts was found between the graphite flakes and the 
pearlitic matrix in either the type C or type E regions.  Nor were 
17 
there any differences found between the type C and type E regions. 
The analysis of the 1.80 per cent tin sample, however, did show 
some very real changes in the tin distribution.  The average count 
for the type E graphite region (fine flakes plus pearlite cell) was 
nearly twice that for the type C region (pearlite matrix plus graph- 
ite flake). Also there was a strong tendency for the tin to segregate 
in the fine graphite regions of the type E graphite regions as shown 
in Figure 10 and Table 6. 
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CONCLUSIONS 
1. The addition of tin to gray cast iron eliminated all free ferrite 
in the matrix and promoted pearlite without the formation of 
massive cementite.  The amount of tin necessary to produce a 
fully pearlitic matrix was 0.11 per cent. 
2. No change was detected in the size or distribution of the graphite 
flakes with tin contents of up to 1.80 per cent, however, chemical 
analyses showed a decrease in the amount of free carbon present 
as tin content increased. 
3. The tensile strength of the gray cast irons increased with in- 
creasing tin contents until the tin content reached 0.25 per 
cent.  Further additions of tin resulted in a decrease in the 
tensile strength. 
4. The Brinell hardness of the gray cast irons increased rapidly 
until the matrix became fully pearlitic and then continued to 
increase at a slower rate as tin content continued to increase. 
5. Fluidity increased rapidly with small additions of tin to the 
gray cast irons until a tin content of 0.10 per cent was reached. 
Upon further additions of tin the fluidity decreased drastically. 
6. At low tin contents (0.11 per cent) the results were inconclu- 
sive in determining tin distribution in the gray cast irons. 
However, at a higher tin content (1.80 per cent) tin did 
segregate in the fine type E graphite regions rather than in the 
type C graphite regions. 
19 
Table 1 
Chemical Analysis of the Charge Material 
Si   Mn    P     S    Ti 
Sorel Pig Iron         4.30 0.07  0.01 0.025  0.015 0.020 
Si Al (max)   Ca (max) 
High-Purity Ferrosilicon 76.0 0.10      0.05 
Mn Fe (max ) 
Electrolytic Manganese  99.9 0.0037 
Total 
Foreign 
As    Cu    Fe    Pb    Metals 
Tin Shot 0.8ppm 0.002  0.004 0.010   0.04 
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Table 3 
Tensile Strength of the Cast Iron 
Tin Content Tensile Strength 
Heat wt. per cent readings average 
M. Pa 
H 0.00 157.2 
159.8 
158.5 
I 0.06 190.5 
183.8 
187.2 
D 0.11 211.4 
191.4 
201.4 
J 0.25 211.8 
210.7 
211.3 
L 0.48 192.1 
214.6 
203.4 
G 0.94 168.6 
187.9 
178.3 
K 1.80 172.8 
176.5 
174.7 
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Table 4 
Brinell Hardness of the Cast Iron 
Tin Content Brinell Hardness Number 
Heat 
wt. per cent readings average 
H 0.00 163  163 
164  164 164 
I 0.06 189  188 
192  191 190 
D 0.11 197  201 
201  198 199 
J 0.25 217 216 
217 217 217 
L 0.48 219 222 
221 221 221 
G 0.94 229 223 
229 231 228 
K 1.80 248 244 
241 248 245 
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Table 5 
Fluidity of the Cast Iron 
Heat Tin Content Length of Spiral 
wt. per cent mm 
AA 0.00 1346 
KK 0.00 1334 
GG 0.07 1416 
BB 0.10 1524 
JJ 0.11 1461 
HH 0.22 1391 
CC 0.47 1232 
LL 0.49 1346 
DD 0.85 1245 
EE 0.93 1295 
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Table 6 
Tin Distribution in the Type E Graphite Region 
Counts of Tin 
Corrected 
Distance from Interface 
Microns 
5181 -40 
4364 -30 
4490 -20 
4590 -10 
3881 0 
2738 +10 
1734 +20 
1590 +30 
1536 +40 
Counting time - 40 sec. 
Background count - 394 
Width of regions - 100 microns, 
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Fe-Sn     Iron-Tin 
Atomic   Percentage   Tip 
2" 30 40 
Fe 
T.H. 
10        20       30       40       50       60        70       80       90 
Weight Percentage Tin 
Figure 1 
Iron-Tin Phase Diagram^28) 
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TOP VIEW 
SIDE VIEW 
1 
A 
CUT FACES 
Brinell Hardness 
Tensile Specimens 
Section AA 
Figure 2 - Schematic Diagram of the Casting. 
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Figure 3 
Sample H - 0.00% Sn 
Type E Graphite Region Top 100X Bottom 500X 
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Figure 3 (Cont.) 
Sample H - 0.00% Sn 
Type C Graphite Region Top 100X Bottom 500X 
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Figure 4 
Sample I - 0.06% Sn 
Type E Graphite Region Top 100X Bottom 500X 
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Figure 4 (Cont.) 
Sample I - 0.06% Sn 
Type C Graphite Region Top 100X Bottom 500X 
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Figure 5 
Sample D - 0.11% Sn 
Type E Graphite Region Top 100X Bottom 500X 
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Figure 5 (Cont.) 
Sample E - 0.11% Sri 
Type C Graphite Region Top 100X Bottom 500X 
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Figure 6 
Sample L - 0.487o Sn 
Type E Graphite Region Top 10GX Bottom 500X 
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Figure 6 (Cont.) 
Sample L - 0.48% Sn 
Type C Graphite Region Top 100X Bottom 500X 
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Tensile Strength vs. Tin Content 
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Brinell Hardness vs. Tin Content 
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Fluidity vs. Tin Content 
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